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Methods of Forming Spaced Conductive Regions, and Methods of Forming 

Capacitor Constructions 

TECHNICAL FIELD 

[0001] The invention pertains to methods of forming spaced conductive 
regions, and in particular aspects pertains to methods of forming capacitor 
constructions. 

BACKGROUND OF THE INVENTION 

[0002] Capacitor constructions are utilized in numerous semiconductor 
devices including, for example, dynamic random access memory (DRAM) 
devices. Capacitor constructions comprise a pair of conductive nodes separated 
from one another by dielectric material, and accordingly capacitively coupled 
with one another. The conductive components of capacitor constructions can 
comprise numerous materials, including, for example, metals, metal alloys, and 
conductively-doped semiconductive materials (such as, for example, 
conductively-doped silicon). There can bejadvantages to utilizing metals in 
capacitor constructions, and recently there have been efforts to incorporate 
various so-called noble metals into capacitor constructions. Exemplary noble 
metals are platinum, rhodium, iridium and ruthenium. 

[0003] Various problems are encountered during attempts to incorporate 
noble metals into capacitor constructions. For instance, it is typically desired that 
an array of capacitor constructions be simultaneously formed. Ultimately, it is 
desired to form numerous conductive storage nodes associated with the array. 
The individual storage nodes are spaced from one another, and can accordingly 
be considered spaced conductive regions. However, it can be difficult to pattern 
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various metals into spaced conductive regions. For instance, it is found that 
platinum will smear during various traditional semiconductor fabrication steps 
(such as, for example, chemical-mechanical polishing). The smearing can inhibit 
formation of a bottom electrode in a container. 

[0004] In light of the above-described difficulties, jt is desirable to develop 

new methods of forming spaced conductive regions associated with 
semiconductor constructions; and it is further desirable that such new methods 
be suitable for utilization in capacitor fabrication. 

[0005] It is noted that although the invention was motivated by the - 

problems discussed above, the invention is not to be limited to the applications 
discussed above except to the extent that the applications are expressly recited 
in the claims that follow. 

SUMMARY OF THE INVENTION 

[0006] In one aspect, the invention includes a method of forming spaced 

conductive regions associated with a semiconductor construction. For instance, " 
an exemplary application of the invention is formation of a bottom electrode of a 
container capacitor. A construction is formed which includes a first electrically 
conductive material over a semiconductor substrate. Openings extend through 
the first electrically conductive material and into the semiconductor substrate. A 
second electrically conductive material is formed within the openings and over 
the first electrically conductive material. The second electrically conductive 
material comprises a different composition than the first electrically conductive 
material, and is in electrical contact with the first electrically conductive material. 
The second electrically conductive material is subjected to anodic dissolution. 
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During the dissolution, the first electrically conductive material is electrically 
connected to a power source. The second electrically conductive material within 
the openings becomes electrically isolated from the first electrically conductive 
material as the dissolution progresses, and some of the second electrically 
conductive material remains within the openings in the substrate as spaced 
conductive regions after the anodic dissolution. The second electrically 
conductive material can be subsequently incorporated into a container-shaped 
capacitor as a bottom electrode. 

[0007] In further aspects, the invention pertains to methods of forming 

capacitor constructions. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Preferred embodiments of the invention are described below with 

reference to the following accompanying drawings. 

[0009] Fig. 1 is a diagrammatic, cross-sectional view of a semiconductor 

wafer fragment at a preliminary processing stage of a method of the present 
invention. 

[0010] Fig. 2 is a view of the Fig. 1 fragment shown at a processing stage 

subsequent to that of Fig. 1 . 

[0011] Fig. 3 is a view of the Fig. 1 fragment shown at a processing stage 

subsequent to that of Fig. 2. 

[0012] Fig. 4 is a view of the Fig. 1 fragment shown at a processing stage 

subsequent to that of Fig. 3. 

[0013] Fig. 5 is a view of the Fig. 1 fragment shown at a processing stage 

subsequent to that of Fig. 4. 
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[0014] Fig. 6 is a view of the Fig. 1 fragment shown at a processing stage 

subsequent to that of Fig. 5. 

[0015] Fig. 7 is a view of the Fig. 1 fragment shown at a processing stage 

subsequent to that of Fig. 6. 

[0016] Fig. 8 is a view of the Fig. 1 fragment shown at a processing stage 

subsequent to that of Fig. 3, and in accordance with an alternative embodiment 
of the invention relative to that described with reference to Fig. 4. 
[0017] Fig. 9 is a view of the Fig. 1 fragment shown at a processing stage 

subsequent to that of Fig. 8. 

[0018] Fig. 10 is a view of the Fig. 1 fragment shown at a processing 

stage subsequent to that of Fig. 2, and in accordance with yet another 
embodiment of the invention. 

[0019] Fig. 11 is a view of the Fig. 1 fragment shown at a processing 

stage subsequent to that of Fig. 10. 

[0020] Fig. 12 is a view of the Fig. 1 fragment shown at a processing 

stage subsequent to that of Fig. 1 1 . 

[0021] Fig. 13 is a view of the Fig. 1 fragment shown at a processing 

stage subsequent to that of Fig. 12. 

[0022] Fig. 14 is a view of the Fig. 1 fragment shown at a processing 

stage subsequent to that of Fig. 13. 

[0023] Fig. 15 is a view of the Fig. 1 fragment shown at a processing 

stage subsequent to that of Fig. 6, in accordance with an alternative aspect of 
the invention relative to that shown in Fig. 7. 

[0024] Fig. 16 is a view of the Fig. 1 fragment shown at a processing 

stage subsequent to that of Fig. 1 5. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0025] An exemplary aspect of the invention is described with reference to 
Figs. 1-7. Referring initially to Fig. 1, a construction 10 is illustrated at a 
preliminary process stage. Construction 10 comprises a base 12 having an 
electrically insulative material 14 thereover. Base 12 can comprise a bulk 
semiconductive material, such as, for example, monocrystalline silicon. The 
silicon can be lightly-doped with background p-type and/or n-type dopant. In 
particular aspects, base 12 will correspond to a fragment of a monocrystalline 
silicon wafer. 

[0026] Insulative mass 14 can comprise, for example, borophosphosilicate 

glass (BPSG), silicon dioxide and/or silicon nitride. 

[0027] A plurality of structures are illustrated associated with base 12. 
The structures include diffusion regions 16, 18, 20, 22, 24 and 26 extending into 
base 12. The diffusion regions can comprise, for example, either n-type or 
p-type doped regions of the semiconductive material of base 12. 
[0028] Isolation regions 28, 30 and 31 are shown extending into base 12 

and electrically separating some of the diffusion regions from one another. 
Isolation regions 28, 30 and 31 can correspond to, for example, shallow trench 
isolation regions, or other suitable isolation regions. 

[0029] Transistor gates 32, 34, 36 and 38 are formed over base 12, and 

between various of the diffusion regions. Sidewall spacers 40 are formed along 
the sidewalls of the transistor gates. The transistor gates can comprise 
conventional constructions, and in particular aspects can comprise a gate oxide 
having various conductive materials formed thereover.. Sidewall spacers 40 can 
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also comprise conventional constructions, and in particular aspects can 
comprise silicon nitride and/or silicon dioxide. 

[0030] Conductive pedestals 42, 44, 46 and 48 are shown formed in 

electrical connection with source/drain regions 16, 20, 22, and 26, respectively. 
The conductive pedestals can be referred to as electrical nodes in the discussion 
that follows. The electrical nodes are ultimately utilized for electrical connection 
of capacitor constructions (described below) with the underlying source/drain 
regions in forming DRAM constructions. It is to be understood that the 
conductive pedestals are optional, and can be eliminated in various aspects of 
the invention. 

[0031] A DRAM cell is typically understood to comprise a capacitor 

gatedly connected to a bitline through a transistor gate. Accordingly, gate 32 
can be incorporated into a DRAM cell by electrically connecting electrical node 
42 to a capacitor (described below) and electrically connecting diffusion region 
18 to a bitline (not shown). Similarly, each of transistors 34, 36 and 38 can be 
incorporated into DRAM cells. It is noted that a bitline connected with 
source/drain region 18 would be shared between a DRAM cell comprising 
transistor gate 32 and another DRAM cell comprising gate 34. 
[0032] An electrically conductive material 50 is formed over insulative 
mass 14. Conductive material 50 can comprise, for example, tungsten. 
[0033] A patterned mask 52 is formed over material 50. Mask 52 can 
comprise, for example, photoresist; and can be patterned utilizing 
photolithographic processing. 

[0034] Openings 54, 56, 58 and 60 extend between spaced portions of 

mask 52. 
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[0035] In describing the various applications of the invention which follow, 

it is useful to utilize the term "substrate" to refer to various supporting structures, 
and combinations of supporting structures, of construction 10. Accordingly, the 
terms "semiconductive substrate" and "semiconductor substrate" are defined to 
mean any construction comprising semiconductive material, including, but not 
limited to, bulk semiconductive materials such as a semiconductive wafer (either 
alone or in assemblies comprising other materials thereon), and semiconductive 
material layers (either alone or in assemblies comprising other materials). The 
term "substrate" refers to any supporting structure, including, but not limited to, 
the semiconductive substrates described above. 

[0036] In various aspects of the discussion that follows, base 1 2 can be 

referred to as a substrate; in other aspects the combination of base 12 and mass 
14 can be referred to as a substrate; and in yet other aspects the combination of 
base 12, mass 14 and conductive material 50 can be referred to as a substrate. 
[0037] Referring to Fig. 2, openings 54, 56, 58 and 60 are extended 

through conductive material 50 and into mass 14. In the shown aspect of the 
invention, the openings are extended to expose uppermost surfaces of 
conductive pedestals 42, 44, 46 and 48. After the openings are extended into 
material 50, patterned mask 52 (Fig. 1) is removed. 

[0038] As discussed above, the term "substrate" can be utilized to refer to 
a combination of base 12 and mass 14. In such description, material 50 can be 
considered to be formed over the substrate comprising base 12 and mass 14. 
Further, the openings 54, 56, 58 and 60 of Fig. 2 can be considered to be 
extended into the substrate comprising base 12 and mass 14. In other aspects, 
base 12 can itself be considered a substrate, and mass 14 can be considered a 
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material formed over the substrate. In such aspects, the openings would be 
considered formed into mass 14, but not within the substrate supporting 
mass 14. 

[0039] Referring to Fig. 3, a conductive material 70 is formed within 

openings 54, 56, 58 and 60, as well as over conductive material 50. In the 
shown aspect of the invention, conductive material 70 is formed to be in physical 
and electrical contact with the nodes 42, 44, 46 and 48. 
[0040] Conductive material 70 comprises a different composition than 

conductive material 50. Conductive materials 50 and 70 can be referred to- as 
first and second conductive materials, respectively. 

[0041] In particular aspects of the invention conductive material 70 can 

comprise a so-called noble element, such as, for example, platinum, rhodium, 
iridium and ruthenium. Conductive material 70 can comprise the noble metals in 
elemental form, or can comprise alloys containing one or more of the noble 
metals. In an exemplary aspect of the invention, first conductive material 50 
comprises tungsten and second conductive material 70 comprises platinum. In. 
further aspects, first conductive material 50 can consist or consist essentially of 
tungsten; and second material 70 can consist or consist essentially of platinum. 
[0042] In the application of Fig. 3, second conductive material 70 is 

formed to only partially fill openings 54, 56, 58 and 60; and accordingly the 
second conductive material narrows the openings. 

[0043] Referring to Fig. 4, construction 10 is provided within a vessel (not 

shown) and an electrolytic solution 72 is provided over conductive material 70. A 
power source 74 is provided in electrical connection with conductive material 50 
and electrolytic solution 72, and subsequently power is provided from source 74 
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to cause anodic dissolution of material 70. It can be preferred that inhibitors not 
be utilized during the anodic dissolution, with exemplary inhibitors being large 
organic materials such as metal acetates. 

[0044] It is noted that although material 50 appears to be in the form of 
discrete and separate islands in the cross-sectional view of Fig. 4, the material is 
preferably physically continuous over an upper surface of mass 14. Accordingly, 
the apparent islands in the cross-sectional view of Fig. 4 would actually be 
interconnected with one another through expanses of material extending into 
and out of the page relative to the Fig. 4 view. Material 50 thus forms a 
continuous conductive layer extending across an upper surface of mass 14. 
Such upper layer is utilized to provide an electrical connection to material 70 
during the anodic dissolution of material 70. In particular aspects, layer 50 is 
utilized to maintain an electrical bias along all areas (except areas within 
openings) on a front surface of a semiconductor construction during the anodic 
dissolution of material 70. 

[0045] - At the initial stage of anodic dissolution of Fig. 4, material 70 is 
exposed to electrolytic solution 72 and material 50 is not. Accordingly, material 
70 dissolves through the anodic dissolution process and material 50 is protected 
from anodic dissolution by the overlying mass of material 70. However, as the 
dissolution progresses, material 70 is removed from over upper surfaces of 
material 50 and accordingly material 50 can also be subjected to anodic 
dissolution. Preferably, material 50 is provided to a sufficient thickness so that a 
continuous layer of material 50 remains over mass 14 during the anodic 
dissolution of material 70, and accordingly, material 50 remains a continuous 
conductive layer over mass 14 during the anodic dissolution process. It is noted 
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that if too much of material 50 is removed during the anodic dissolution, then 
islands of conductive material can form over mass 14, with such islands not 
being electrically connected to power source 74. Anodic dissolution will 
effectively cease at the various islands. It is desired that such electrically 
isolated islands not form from material 50 during an anodic dissolution process. 
Formation of electrically isolated islands of material 50 can be alleviated and/or 
prevented by forming material 50 to be sufficiently thick so that anodic 
dissolution of material 50 does not progress entirely through the thickness of the 
layer of material 50 during removal of material 70. Additionally, and/or 
alternatively, the compositions of material 50 and 70 can be chosen so that 
material 70 is more rapidly removed by anodic dissolution than material 50. For 
instance, material 70 can be chosen to more rapidly oxidize under the utilized 
anodic dissolution conditions than does material 50. 

[0046] Referring to Fig. 5, construction 10 is illustrated after the anodic 

dissolution process. Material 70 has been removed from physical and electrical 
contact with conductive material 50. Since conductive material 50 is in electrical 
connection with power source 74 (Fig. 4), and conductive material 70 is not in 
electrical connection with power source 74 except through the contact of material 
70 with material 50, the anodic dissolution of material 70 stops once material 70 
is no longer in electrical contact with conductive material 50. 
[0047] Portions 80, 82, 84 and 86 of conductive material 70 remain within 

openings 54, 56, 58 and 60 after the anodic dissolution. The portions of 
conductive material 70 are spaced from one another, and also spaced from 
conductive material 50. Accordingly, the portions of conductor material 70 
remaining in openings 54, 56, 58 and 60 can be referred to as spaced 
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conductive regions. Ultimately, the spaced conductive regions can be 
incorporated into capacitor constructions, and accordingly the spaced conductive 
regions can be referred to as capacitor storage nodes 80, 82, 84 and 86, 
respectively. 

[0048] Referring to Fig. 6, conductive material 50 (Fig. 5) is removed from 

over mass 14. Such can be accomplished by, for example, chemical-mechanical 
polishing to form a planarized upper surface 88 extending across insulative 
material 14. In addition to, or alternatively to, chemical-mechanical polishing, the 
conductive material 50 can be removed utilizing a wet etch or dry etch. 
[0049] Referring to Fig. 7, a dielectric material 90 and a conductive 

material 92 are formed over storage nodes 80, 82, 84 and 86. Dielectric material 
90 can comprise, for example, silicon dioxide, silicon nitride, tantalum pentoxide, 
etc. Conductive material 92 can comprise, for example, various metals and/or 
conductively-doped semiconductive materials (such as, for example, 
conductively-doped silicon). Storage nodes 80, 82, 84 and 86 can be referred to 
as isolated conductive masses, and accordingly, layers 90 and 92 can be 
described as being formed over the conductive masses 80, 82, 84 and 86. The 
conductive masses 80, 82, 84 and 86 are preferably capacitively separated from 
conductive material 92. Accordingly, capacitor constructions 94, 96, 98 and 100 
are formed from the combination of masses 80, 82, 84 and 86, dielectric material 
90, and conductive material 92. The capacitor constructions can be incorporated 
into DRAM devices, as shown. 

[0050] Another aspect of the invention is described with reference to Figs. 

8 and 9. In referring to Figs. 8 and 9, similar numbering will be used as was 
utilized above in describing Figs. 1-7, where appropriate. 
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[0051] Fig. 8 illustrates a construction 200 at a processing step 

subsequent to that of Fig. 3. Specifically, protective masses 202 are formed 
within openings 54, 56, 58 and 60. Masses 202 can comprise, for example, 
photoresist; and can be formed utilizing photolithographic processing and/or 
chemical-mechanical processing. The protective material 202 can comprise 
phosphosilicate glass (PSG) alternatively to, or in addition to, photoresist. The 
masses 202 protect portions of material 70 within openings 54, 56, 58 and 60 
during anodic dissolution. 

[0052] Referring to Fig. 9, construction 200 is illustrated after anodic- 

dissolution (the dissolution can be accomplished in accordance with the 
procedures described previously with reference to Fig. 4). The anodic 
dissolution has removed material 70 from over conductive material 50, similarly 
to the aspect described above with reference to Fig. 5. However, material 202 
has protected the conductive material 70 within openings 54, 56, 58 and 60. The 
protection of material 70 can alleviate and/or prevent the conductive material 70 
from being removed too rapidly from within the openings and either becoming 
undesirably thin, or having gaps extending through the portions of layer 70 
remaining within the openings after the anodic dissolution. 

[0053] Construction 200 of Fig. 9 can be subjected to processing similar to 

that described above with reference to Figs. 6 and 7 to incorporate the material 
70 remaining within the openings into capacitor constructions. It is noted that if 
chemical-mechanical polishing is utilized to remove material 50 (similar to the 
process described above with reference to Fig. 6), the protective masses 202 
can remain within the openings during the chemical-mechanical polishing to 
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avoid having particulates generated during the chemical-mechanical polishing 
falling onto the remaining portions of conductive material 70. 
[0054] Protective masses 202 can be removed from within openings 54, 

56, 58 and 60 prior to formation of capacitor constructions from the spaced 
portions of material 70. If the protective masses comprise photoresist, they can 
be removed by, for example, ashing or a suitable etch; and if the masses 
comprise PSG they can be removed with a suitable etch. 

[0055] Another aspect of the invention is discussed with reference to Figs. 

10-14. In describing Figs. 10-14, similar numbering will be used as was utih'zed 
above in describing Figs. 1-7, where appropriate. 

[0056] Referring initially to Fig. 10, a construction 300 is illustrated at a 

processing step subsequent to that of Fig. 2. The construction 300 is similar to 
the construction 10 of Fig. 3, in that second conductive material 70 has been 
formed over first conductive material 50, and within openings 54, 56, 58 and 60. 
However, construction 300 differs from the construction 10 of Fig. 3 in that 
second conductive material 70 entirely fills the openings 54, 56, 58 and 60. 
[0057] Referring to Fig. 1 1 , construction 300 is illustrated after anodic 

dissolution of some of material 70. The dissolution can be accomplished utilizing 
procedures described above with reference to Fig. 4. The conductive material 
70 remaining after the anodic dissolution forms spaced conductive masses 302, 
304, 306 and 308 within openings 54, 56, 58 and 60, respectively. 
[0058] Referring to Fig. 12, first conductive material 50 (Fig. 1 1) is 

removed. The first conductive material can be removed utilizing, for example, 
chemical-mechanical polishing to form a planar surface 310 extending across 
insulative mass 14, and across upper surfaces of conductive masses 302, 304, 
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306 and 308. It is noted that although the polishing is shown planarizing an 
upper surface of masses 302, 304, 306 and 308, the invention encompasses 
other applications (not shown) in which the upper surfaces of the masses 302, 
304, 306 and 308 are not polished. Applications in which upper surfaces of the 
masses 302, 304, 306 and 308 are not polished can be preferred if the masses 
comprise materials, such as platinum, that can undesirably smear during a 
polishing process. 

[0059] The conductive masses 302, 304, 306 and 308 of Fig. 12 can be 

considered to comprise top surfaces 312, and sidewall surfaces 314 extending 
downwardly from the top surfaces. 

[0060] Referring to Fig. 13, at least some of the insulative mass 14 is 

removed from between conductive masses 302, 304, 306 and 308 to expose the 
sidewall surfaces 314. 

[0061] Referring to Fig. 14, dielectric material 90 and conductive material 

92 are formed over conductive masses 302, 304, 306 and 308. More 
specifically, the dielectric material 90 and conductive material 92 are formed over 
top surfaces 312 of the conductive masses, as well as along the sidewall 
surfaces 314 of the conductive masses. The masses 302, 304, 306 and 308, 
together with dielectric material 90 and conductive material 92, define capacitor 
constructions 320, 322, 324 and 326. 

[0062] Although only some of the sidewall surfaces 314 are exposed in 

the processing of Fig. 13, it is to be understood that the invention encompasses 
other embodiments (not shown) wherein a sufficient amount of material 14 is 
removed to expose an entirety of the sidewall surfaces 314 of masses 302, 304, 
306 and 308. 
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[0063] Another aspect of the invention is described with reference to Figs. 

15 and 16. In describing Figs. 15 and 16, similar numbering will be used as was 
utilized above in describing Figs. 1-7, where appropriate. 
[0064] Referring initially to Fig. 15, a construction 400 is illustrated at a 

processing step subsequent to that of Fig. 6. Construction 400 comprises the 
spaced conductive masses 80, 82, 84 and 86 which were described previously 
with reference to Fig. 6. The thickness of insulative material 14 has been 
reduced relative to that of Fig. 6, to expose sidewall surfaces 402 of the 
conductive masses 80, 82, 84 and 86. 

[0065] Referring to Fig. 16, dielectric material 90 and conductive material 

92 are formed over the conductive masses 80, 82, 84 and 86. The dielectric 
material 90 and conductive material 92 also extend along sidewall surfaces 402 
of the conductive masses. 

[0066] Although the thickness of material 14 is reduced sufficiently to only 

expose portions of sidewall surfaces 402 of conductive masses 80, 82, 84 and 
86, it is to be understood that the invention encompasses other embodiments 
(not shown) wherein the thickness of insulative mass 14 is sufficiently reduced to 
expose an entire expanse of sidewall surfaces 402. 

[0067] In compliance with the statute, the invention has been described in 

language more or less specific as to structural and methodical features. It is to 
be understood, however, that the invention is not limited to the specific features 
shown and described, since the means herein disclosed comprise preferred 
forms of putting the invention into effect. The invention is, therefore, claimed in 
any of its forms or modifications within the proper scope of the appended claims 
appropriately interpreted in accordance with the doctrine of equivalents. 
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